INTRODUCTION
Degenerative spinal stenosis in the lumbar or cervical spine is a common disease in the elderly population, because these are the most mobile segments of the spine. Degenerative spinal stenosis can present as concurrent lumbar spinal stenosis (LSS) and cervical spinal stenosis (CSS), which was first described by Teng and Papatheodorou (1) in 1964. Several studies-performed using clinical or radiologic diagnoses based on radiography, myelography, or CT findings only in symptomatic patients-have shown the incidence of tandem spinal stenosis (TSS) to range from 5% to 25% (2-4). The incidence of TSS in the asymptomatic population is expected to be higher than suggested in past reports.
MR imaging is now widely used for the evaluation and diagnosis of spinal disorders (5) . For the past several years in our institute, additional cervicothoracic sagittal T2-weighted images cervical and lumbar spine on MRI. Nevertheless, there are few reports of stenosis in the cervical and lumbar spine on MRI. Invasive treatment, such as surgery, is mandatory for severe or continuous cases of degenerative lumbar stenosis. However, when CSS is also present, improper positioning during the operation may aggravate symptoms (6) . Therefore, patients should be checked for accompanying CSS when planning for the treatment.
Our hypotheses were as follows: 1) patients showing LSS would have CSS more frequently; and 2) patients with more severe LSS would tend to have more severe CSS, because both genetic predisposition and environment could affect the entire spinal column. The aim of our study was to evaluate the incidence and predictive factors of tandem CSS in patients with LSS, based on MR imaging findings.
MATERIALS AND METHODS

Patients
This retrospective study was approved by our Institutional Review Board. Informed consents were waived. The spinal stenosis is commonly seen with aging. Therefore, patients over 60 years of age were enrolled in this study, who had lumbar spine MR studies including additional CT-sag-T2WI at our institute during the period between January and May of 2011. Exclusion criteria were as follows: 1) under 60 years of age; 2) an MR indication of recent trauma, neoplasm, or infection; and 3) a previous spine operation.
From January to May of 2011, lumbar spine MR studies were performed in 415 patients at our institute. Among them, 210 patients were over 60 years old. Of these 210 patients, 70 patients were excluded for the following reasons: compromised lumbar central canal due to recent trauma (n = 17), previous lumbar or cervical surgical operation (n = 41), neoplasm/intradural extramedullary tumors (n = 5), metastasis (n = 2), and infection (n = 5). The final study group was comprised of 140 patients (age range, 60-87 years; mean age, 69.3 years). There were 94 women (age range, 60-86 years; mean age, 68.8 years) and 36 men (age range, 60-87 years; mean age, 70.0 years).
Imaging Studies
All MRI examinations were obtained with two 3.0-T scanners (Achieva, Philips Medical Systems, Best, the Netherlands) and two 1.5-T scanners (Gyroscan Intera, Philips Medical Systems, Best, the Netherlands; Intera, Philips Medical Systems, Best, the Netherlands), using a five-channel synergy spine coil. The four categories based on the degree of CSF reserve were as follows: grade 0 (D > 50%), grade 1 (5% < D ≤ 50%), grade 2 (-5% < D ≤ 5%), and grade 3 (D ≤ -5%). The CSS grading system was based on a consensus between multiple specialists involved in specialized spine care within the institution.
Statistical Analysis
The patients were divided into two groups, depending on the presence or absence of spinal stenosis. Next, the patients were further divided into two more groups: absent or insignificant spinal stenosis (grade 0 and 1) and significant spinal stenosis (grade 2 and 3). The chi-square test was done to evaluate the two groups.
We investigated the relations regarding hypothesized predictive factors of CSS including age, sex, alignment disorder of the lumbar spine, number of levels of LSS, and severity of LSS. The age difference between the absent or insignificant spinal stenosis group and the significant spinal stenosis group was evaluated using the Mann-Whitney U test. There were three groups based on age: between 60 and 69 years of age, between 70 and 79 years of age, and over 80 years of age. Regarding the number of levels of LSS, one group had either no stenosis or only a single level, while the other group had more than two levels. A univariate analysis of risk factors was performed for the second grouping back pain, lumbar radicular pain, neurogenic claudication, and/ or sciatica). The incidence of TSS was 30.0% (42 of 140). Presence of a lumbar alignment disorder, number of levels of LSS, age, and sex were not associated with statistically significant differences. In our study, most LSS diagnoses were made by reviewing both cross-sectional images and sagittal images, as cross-sectional images lead to more accurate LSS diagnoses than sagittal images (14) .
By providing high-resolution images, MR imaging plays an
In our study, subjects were divided using two different methods. First method was based on the presence or absence of LSS, and the second method was based on whether the patients suf- In Thomé's study, LSS was found on MRI in more than 20% of the cases of patients over 60 years of age (12) . In our study, LSS cases were found in 43.6% of the patients over 60 years of age (a higher percentage than suggested in previous reports), perhaps because the MR was scanned in symptomatic patients.
In previous studies, the incidence of TSS has been estimated to range from 5% to 25% (2-4). These statistics are mostly based on clinical findings, radiography, myelography, and CT. Very few studies have used MR imaging to investigate the relationship.
Lee et al. (13) reported the incidence of asymptomatic cervical cord compression in LSS patients at 23.7%, based on MR studies.
Unlike in out study, this study included patients with LSS. In our study, cervical cord compression was observed in 14 out of 140 patients (10%) with symptoms suggestive of LSS (e.g., lumbar back pain, lumbar radicular pain, and neurogenic claudication) and in 9 out of 61 patients (14.8%) with LSS discovered by MRI. In addition, male patients and those with multiple-segment LSS were more likely to have CSS, than female patients and those with single-segment LSS. The diagnosis of LSS and CSS was based on sagittal T2WI only. However, our study included patients with symptoms suggestive of LSS (e.g., lower had CSS (Fig. 4) . Therefore, routine CT-sag-T2WI is meaningful in both patients with and without LSS. Our lumbar spine MR protocol uses a five-channel spine coil, which allows access to the cervical spine without changing the patient's position. This protocol, which includes CT-sag-T2WI, added 1 minute and 40 seconds to the acquisition time. We strongly suggest CT-sag-T2WI be included in routine lumbar spine MR protocols.
This study had several limitations. First, it was a retrospective study based on radiologic reports only. The LSS and CSS grading systems used were not compared to patients' symptoms or clinical outcomes. Currently, the known grading systems for spinal stenosis have certain problems. For LSS, the method of calculating dural sac cross-sectional area and dural sac anterior to posterior dimension has been used, but it is time-consuming and does not consider the nerve roots inside of the dural sac.
Compared to calculating the cross-sectional area, the grade tends to be lower in the lower lumbar areas (14, 15) . However, it is more intuitive to use and easier to grade than the previous method (15, 16) . It is also simpler to communicate between surgeons and radiologists.
CSS has been graded according to the extent of CSF space loss, which tends to give readings with lower grades of spinal stenosis, compared to the clinical symptoms. This is owing to the non-loss of signal intensity from CSF, even if it is actually de- Fourthly, there was even a case in this study where the operation was performed because of cervical myelopathy. However, cervical myelopathy may be an etiology of failed back surgery syndrome (17) . Finally, the incidence of TSS in our study was 30.0%
(42 of 140), which is slightly higher than previously reported in the literature. This is likely to be related to differences in the patient population. The study was conducted in a tertiary hospital, with a large referral base for spine procedures. In addition, the study subjects were selected from patients with symptoms suggestive of LSS, and the incidence of TSS in asymptomatic patients may be higher than that in symptomatic patients.
In conclusion, this study revealed a high frequency of concurrent LSS and CSS and two risk factors of significant CSS (severity of LSS and number of levels of LSS), with the aid of MRI.
Thus, it is recommended that all patients with LSS to undergo MRI investigation, to be checked for CSS as well.
